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The Characterization of Residues on Pounding Tools:  
An Avenue For Identification in the Archaeological Record
Rebecca Warren;  Advisor: Bruce Hardy   Department of Anthropology, Kenyon College
ABSTRACT
Current views of human evolution indicate that the onset of technological 
innovation began 2.6 million years ago (mya) in the form of flaked stone 
tools manufactured by a simple hard-hammer percussive technique.  
Given their relative sophistication, however, it is unlikely that flaked 
stone represents the first evidence of tool use among hominins.  One 
possible clue to an earlier technology comes from comparative studies 
of primate nut-cracking activities.  Recent research demonstrates that 
the use of hammer and anvil techniques for chimpanzee nut-cracking 
extends back 4,300 years.  This project seeks to identify archaeological 
signatures for early percussive technologies as well as the impetus for 
early hominin use of such techniques including removal of hard outer 
layers of plants (nuts, underground storage organs—or USOs), 
detoxification (nuts, USOs) or removal of excess fiber (USOs).  African 
and North American species of nuts and USOs were processed with 
hammers and anvils to establish a comparative collection for use in 
devising residue signatures of percussive technology.  Results of 
microscopic residue analyses suggest that this technique can provide a 
means of potentially detecting percussive plant processing in the 
archaeological record.
METHODS
Experimental
In order to identify anvils and hammerstones in the archaeological record, 
modern comparative collections were created (Figure 2) by pounding of 
potential food items:  bulbs (Crinum spp.), tubers (Cattail--Typha latifolia, 
Carrot—Daucus carota), seeds (Boscia coriacea) and nuts (Walnut—
Juglans nigra, Hickory—Carya ovata).  African and North American 
material was used to compare the residue signature of each subcategory 
of plant food.  Raw material for anvils was obtained from dams and 
springs at Mugie Ranch in central Kenya.  All stone material was 
phonolite, and was washed the night before use—dirt was brushed off 
with water and a Virgin Atlantic toothbrush.  Pounding occurred on a tarp 
which was meant to provide a clean environment. At the conclusion of 
pounding, anvils were wrapped in plastic bags. Residue analysis took 
place 3 months later.  Additional experiments were conducted with local 
glacial till (quartzite and basalt) in Central Ohio.
Microscopy
Anvils were analyzed using reflected light microscopy with an Olympus 
BH-30 (50-1000X).  Use-wear and residue cell types were recorded and 
photographed.  
ACKNOWLEDGEMENTS 
Most sincere thanks to Bruce Hardy for 
access to microscopic equipment, but most 
importantly for the guidance and 
understanding to bring the project to fruition.  
Thanks to Jack Harris, the Koobi Fora Field 
School , and Rutgers University for allowing 
access to materials out in the field.  Thanks 
to the National Museum of Kenya in Nairobi 
for access to archaeological material from 
past excavations. This research was made 
possible by a grant from the Summer 
Science Scholars Program at Kenyon 
College. 
REFERENCES
Dufour, D.L.   1995.   “A Closer Look at the Nutritional Implications of Bitter Cassava Use”. In 
Indigenous Peoples and the Future of Amazonia : an Ecological Anthropology of an Endangered 
World. Edited by Sponsel, L.E.   Tuscan, University of Arizona Press.  P. 149-166.
Hardy, K.  2007.  Food for Thought:  Starch in Mesolithic Diet.  Mesolithic Miscellany.  Vol.18 (2):2-
11.
Inoue-Nakamura, N. and Matsuzawa, T.  1997.  Development of Stone Tool Use by Wild 
Chimpanzees (Pan troglodytes).  Journal of Comparative Psychology.  Vol. 111 (2):  159-173.
Jones, D.A. 1998. Why Are  So Many Food Plants Cyanogenic?  Phytochemistry.  Vol. 47 (2):155-
162.
Ragir, S.  2000.  Diet and Food Preparation:  Rethinking Early Hominid Behavior.  Evolutionary 
Anthropology. Vol. 9 (4):  153-159.
van Schaik, C.P. and Deaner, R.O., and Merrill, M.Y. 1999. The Conditions for Tool Use in Primates: 
Implications for the Evolution of Material Culture.  Journal of Human Evolution, Vol. 36 (6): 719-741
DISCUSSION
We know that pounding foods was a possibility because:
* It can be nutritionally advantageous
-Increase bioavailability of nutrients
-Detoxify cyanogenic plants
*Provides access to food-source with minimal competition
This project was undertaken to characterize residues (particularly plant residues) after pounding activities 
have taken place (Figure 3).  By learning how to identify these residues, in conjunction with identifying 
pitting marks, we now may be better able to determine pounding tools from unused cobbles in 
archaeological sites.  This may open up a new avenue of research and understanding into the activities 
of early hominins.  So much focus has been on the procurement of food that much has yet to be realized 
about the process of food preparation.
CONDITIONS INDUCING TOOL USE
The simplest kinds of tools do not involve a form of manufacture—they 
are objects which are used as they are found.  Therefore, it is a huge 
leap to consider Oldowan Technology as the spontaneous genesis of tool 
use in hominins.   Tool use is generally derived in a foraging niche that 
involves extraction (van Schaik, et.al. 1999).  It is most likely to occur in 
species that are flexible in behavior, rather than specialized, so that tool 
use may emerge as a part of exploratory or playful behavior. 
Parsimony suggests that humans and chimps shared a common 
ancestor 8-5 mya.  This, in addition to the similar brain size of chimps to 
Australopithecines and early Homo, indicate that primatology may serve 
as a jumping off point when discussing possibilities for early hominin
behavior.  Observations of chimpanzees in Boussou (Inoue-Nakamura  
and  Matsuzawa, 1997) have noted the use of anvils and hammerstones
to crack open nuts (Figure 1).  This behavior is most often relegated to 
elder females in the group who transmit the behavior to their young.  
(Ragir, 2000).  By 1.5 years of age, chimps are able to perform all basic 
actions required for nut-cracking, but these actions are not combined into 
an appropriate sequence until 3.5 years (Inoue-Nakamura and 
Matsuzawa, 1997).
Reasons Food 
Sources
Nutritional Consequences
Removal of hard outer 
layers
Nuts
USOs
Access to nut meat
Access to starchy cells (energy source)
Removal of excess 
fiber
USOs Increased absorption of Zn, Fe, and Ca
Detoxification Nuts
USOs
Removal of tannins, and cyanogens
Deactivation of 
amylase and protein 
inhibitors
USOs Increased absorption of protein
Table 1:  Why Pound Plants?
FUTURE WORK
Modern excavations should be taken up in the channel sites at Koobi Fora, Kenya so that appropriate 
residue analysis of tools found there can be undertaken. These sites include  FxJj 1, FxJj 16, FxJj 18GL, 
FxJj 18GU, and FxJj 20.  In addition, older deposits such as those which extend beyond 2.6 mya should 
be examined to explore the possibility of tool use before the advent of Oldowan technology.  Finally, there 
is a need to characterize microscopic features of African plants so that identification of archaeological 
residues can become more accurate.
Figure 1: Chimpanzees at Bossou using pounding tools.  Note the infant 
and adolescent watching in close proximity while the adult strikes the 
anvil.  
Enhancing Bioavailability—Detoxification as a Food Sweetener
Nutritional quality of foods can be enhanced by pre-processing techniques (Table 1).  Many plants have 
defensive secondary compounds which are toxic or bitter such as cyanoglycosides or tannins.  Humans, 
however, possess unique skills that allow them to detoxify some plants and thereby gain access to 
potentially high quality food sources with minimal competition from other species.  Pounding can reduce 
the toxicity of some plants by breaking cells down, exposing them to the air, and allowing toxins to 
become volatile (Ragir, 2000; Hardy, 2007).  Processing of toxic food products can involve multiple steps 
to ensure edibility, yet the most important procedure is the "mashing" of food (Dufour,1995;  Jones, 
1998).  The maceration of plant material can reduce total cyanide content by 98% (Dufour,1995).   
Additionally, the volatilization of HCN from cyanoglycosides leaves glucose behind, sweetening foods 
which were previously bitter (Jones, 1998).  
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Figure 3.  Residues obtained after pounding included epidermal cells, and storage cells—starches, xylem, fibers, and 
parenchyma.  Raphides are needles of calcium carbonate that  are evidence of secondary compounds, which may need to 
be detoxified.  Particular to pounding activities was the appearance of flattened cells which were embedded into the 
surface of the stone.  
C
Figure 2.  Sequence for the creation of comparative collections.  Tubers 
(Crinum spp.) were dug up with digging sticks (A) and recorded (B).  
Afterwords they were pounded (C ) on top of cleaned anvil surfaces with 
a hammerstone.   
